We conducted a retrospective study in which we related the outcome of spinal cord injury to the presence of serious accompanying injuries. From 1974 through 1979, 144 patients with spinal cord trauma were admitted to the Acute Spinal Cord Injury Unit of Sunnybrook Medical Centre, 27 (19%) of whom had other major injuries of Grade 3 or higher according to the Abbreviated Injury Scale. These additional injuries included, among others, cerebral contusion, hemothorax, major intra abdominal bleeding, and femoral fracture. These 27 patients (Group 1) were compared to the 117 patients (Group 2) who had only spinal cord injuries.<BR>
Introduction
The incidence of associated injuries in patients with spinal cord injury ranges from 20 to 57%, depend ing on the criteria used for inclusion of other in juries.9,",") Although multiple trauma in cord injured patients has been the subject of several reports, 4, 13, 15, 22, 25) the effect of multiple trauma on the outcome of spinal cord injury has not been fully evaluated. For several reasons, we feel that this rela tionship should be studied. Multiple trauma frequent ly causes hypotension and hypoxia, and thus may adversely affect the recovery of function after spinal cord injury by inflicting additional damage on the already injured spinal cord. The development of a secondary ischemic process following experimental acute spinal cord injury has been well document ed, 19'20) and it is likely that hypotension aggravates cord damage because it abolishes autoregulation within the cord.
We report the results of a retrospective study relating the neurological outcome after spinal cord in jury to the presence of serious accompanying in juries.
Patients and Methods
Our series comprised 144 patients with acute spinal cord injury admitted to the Acute Spinal Cord Injury Unit, Sunnybrook Medical Centre, Toronto, from 1974 through 1979. The patients' charts and x-rays were reviewed retrospectively and information was coded and processed in the Unit's computerized data bank system via the Statistical Package for Social Sciences, 16) a system that allows retrieval and analysis of several hundred variables. The injuries and overall management of these 144 patients were de scribed previously.") The Abbreviated Injury Scale developed by the American Association for Automotive Medicine') was used to grade the severity of the accompanying injuries. Multiple trauma was defined as spinal cord injury plus one or more other injuries of Grade 3 or higher according to the Ab breviated Injury Scale. Among the additional in juries were cerebral contusion, hemothorax, major intra-abdominal hemorrhage, and femoral fracture. A grade of 3 or higher was used as the criterion for in clusion because of the likelihood that such an injury would cause a significant systemic effect, such as hypotension or hypoxia. Twenty-seven patients (Group 1) had multiple trauma according to the above criterion; the 117 pa tients in Group 2 had no such accompanying in juries, although many had other minor injuries. For example, 51 patients in Group 2 (44%) sustained a concussion and six (5%) had an uncomplicated rib fracture. Table 1 lists the injuries in the Group 1 pa tients.
The two groups were compared in terms of variables that may have influenced the neurological outcome. The neurological status of each patient was determined according to the Sunnybrook Grading System shown in Table 2 .24) Changes in neurological status were calculated from the percent change in the neurological grades between admission and discharge and from the percent change in recovery between admission and discharge according to the Sunnybrook Cord Injury Recovery Index (Table 3) . For each patient the change in neurological status was assigned a numerical value, which was determined by calculating the actual change as a percentage of the change improvement that is possible for a patient with that particular type and grade of neurological in sult. Details of these methods have been described elsewhere.24) 
Results
As Table 4 shows, the ages, sex distribution, and time intervals between injury and admission were almost identical between the two groups. The mean duration of hospitalization was longer in Group 1 than in Group 2. Figure 1 illustrates the causes of the injuries. These were striking differences between the two groups most notably, a much higher incidence of traffic related injuries in Group 1 and a much greater prevalence of sports-recreational injuries in Group 2.
The anatomical level of the spinal injuries is sum marized in Table 5 . The most common level in Group 1 was thoracic (44%), whereas cervical trau ma was most common in Group 2 (64%).
Vertebral column injuries were divided into 6 categories: normal (i.e., no demonstrable bony in jury), dislocation, fracture-dislocation, burst frac ture, compression fracture, and miscellaneous. There were no major differences in the relative fre quencies of these types of injury between Groups 1 and 2 (Table 6 ). and Group 2. High incidence of traffic related injury was observed in Group 1 (multiple trauma patients). Table 5 Level of spinal injury Table 6 Types of bone trauma
The causes and rates of mortality are summarized in Table 7 . For the purpose of this analysis, only deaths that occurred during the initial hospitaliza tion were included. Five of the 27 patients in Group 1 (19%) died, as compared with five of the 117 patients in Group 2 (4%). The most common causes of death were respiratory failure (6 patients) and pulmonary embolism (3 patients). In Group 1, those who died ranged in age from 19 to 72, with a mean of 50, and included a 19-year-old male and a 64-year-old female, both of whom died suddenly of pulmonary embolism 25 and 23 days after their injuries, respec tively. The former patient was known to have a deep venous thrombosis. Also in Group 1, a 72-year-old male with a lung contusion and central cord syn drome died of severe respiratory failure 11 days following his injury, after undergoing discectomy and anterior cervical fusion. A 60-year-old male with a severe head injury, an odontoid fracture, and com plete spinal cord injury died of respiratory failure due to high cervical cord injury. The fifth death in Group 1 was that of a 37-year-old male with burns over 50% of his body and spinal cord injury; he died of renal failure. Of those in Group 1 who died, three had cervical and two had thoracic cord injuries. All five of the Group 2 patients who died had cervical cord injuries; their ages ranged from 22 to 86 years.
The neurological outcome of the two groups was compared in several ways. Table 8 shows the patients divided into two categories according to neurological grade on admission and discharge. Grades 1 through 5 include patients with complete cord injury or severe paresis, whereas Grades 6 through 10 com prise patients who retained some useful function of their extremities (see Table 2 ). On admission, 74% in Group 1 were Grades 1 through 5, compared to 58% in Group 2. This difference was more pronounced on discharge, when 78% in Group 1 had severe paresis or complete paralysis below the level of the injury, compared with 52% in Group 2 (p<0.02). As Fig. 2 shows, only three patients (11%) in Group 1 im proved, whereas 24 patients (21%) in Group 2 show ed neurological improvement between admission and discharge. In addition, three Group 1 patients (11 %) deteriorated neurologically, whereas only one Group 2 patient (0.9%) deteriorated.
In Table 9 , the neurological outcome is compared by two other methods. Both the percent neurological grade change and the percent change in the Sunny brook Cord Injury Recovery Index indicated signifi cantly poorer neurological recovery in Group 1 (p< 0.01). Table 9 also shows the comparison between recovery in patients with complete (Grade 1) and incomplete (Grades 2 through 10) cord injury. Although no significant difference was observed be tween Groups 1 and 2 in terms of recovery from com plete cord injury, among patients with incomplete cord injury there was much better recovery in Group 2 than in Group 1 (p<0.001). To evaluate the effect of mortality on this comparison, we also calculated the differences excluding the 10 patients who died during their hospitalization and found that the differences were still significant (Table 10) . Table 11 shows the significant difference between the two groups in the incidence of hypotension on ad mission, defined as systolic blood pressure of 90 mmHg or less. Only 7% of Group 2 patients were hypotensive, whereas the rate in Group 1 was 59%. Severe hypotension, defined as systolic blood pressure of 70 mmHg or less, was present in 30% of Group 1 patients but in only 2% of those in Group 2. 
Discussion
The main purpose of this study was to compare the mortality rate and neurological outcome in two groups of spinal cord injured patients those with and those without serious accompanying injuries. Previous published reports have described patients with multiple trauma but have not compared their outcome with that of patients who had sustained spinal cord injury alone. Although our study was retrospective, the two groups were quite similar in their demographic features and also in terms of the interval between trauma and admission.
Baker and colleagues',') found a correlation be tween the severity of injury and the mortality rate in multiple trauma victims, although they did not state how many of their patients had suffered cord injury. They concluded that the severity of trauma and the patient's age were the two most important deter minants of survival. We made the same observation in our series; three of the five patients who died following multiple trauma were over age 60. All five had extensive injuries in addition to the spinal cord injury (Table 1) . We also noted significant differences in neurolog ical recovery between Groups 1 and 2. This finding was based on analyses by three different methods: calculation of the percent change in neurological grade, percent change on the Sunnybrook Cord Injury Recovery Index, and comparison of the neurological grade on admission and at discharge or death.
Several factors may account for the reduced poten tial for neurological recovery in the multiple trauma group. First, the poorer neurological grade on admis sion may have been related to the poorer outcome, in that patients with more severe cord injury have less potential for recovery. This may well apply to those with complete cord injury but, as seen in Fig. 2 and Table 9 , poorer neurological recovery also observed in patients with incomplete cord injuries (Grades 2 10). Another factor that may have influenced the in tergroup difference in neurological recovery was the higher in-hospital mortality rate of Group 1 patients. In the five Group 1 patients who died, death occur red on days 16, 23, 25, 27, and 48, and thus it is possi ble that there was insufficient time for them to have shown neurological improvement. However, as men tioned above (Table 10) , when only the survivors were analyzed in terms of neurological recovery, Group 1 still showed less progress than Group 2. It may be that differences in the sources of trauma (Fig. 1 ) played a role in the disparity in recovery be tween the two groups. For example, it is quite likely that most motor vehicle accidents produce greater force on the cord than most sports-recreational in juries. In fact, the former were more common in Group 1 and the latter in Group 2.
A delay in attending to the spinal cord injury because of the need to treat a life-threatening con comitant injury, such as an intracranial hematoma, may have contributed to the reduced neurological recovery in four of the Group I patients. However, there were also delays in the management of some Group 2 patients, owing, for example, to late refer ral. The precise effect of such delays on the overall outcome cannot be accurately determined in this series.
The most plausible explanation for the reduced neurological recovery in Group 1 patients concerns the systemic effects of multiple trauma. Documenta tion of hypoxia in the early post-injury period was often impossible because resuscitation was a priority and determination of such parameters as blood gases necessarily followed the establishment of an ade quate airway and ventilation. Although data were not available in the majority of cases, five patients in Group 1 were hypoxic according to arterial blood gas measurements. Hypoxia was doubtless important to the neurological outcome because it aggravates the decreased blood flow, low oxygen tension, and loss of autoregulation at the site of cord injury, effects that have been well documented in experimental acute cord injury. 12,19-21,23) Indeed, it has been sug gested',') that deliberate elevation of systemic arterial blood pressure may be beneficial. Systemic hypoten sion is potentially harmful because it may cause spinal cord blood flow to fall below the critical level for survival due to the lack of autoregulation in the cord following its injury. The striking difference in the incidence of hypotension between our two groups suggests that hypotension may have inflicted a more severe ischemic insult on the spinal cord and thereby compromised the ability of Group 1 patients to recover neurologically.
There have been many reports concerning spinal cord injury in combination with other trau ma.4,9,11,13-15,22,25) The management of these gravely injured patients, particularly in the acute phase, is a great challenge because many difficulties and pitfalls may arise. For example, establishment of an adequate airway may be extremely difficult and haz ardous in a patient with a cervical cord injury. The additive effects of chest injury and impaired mobility of the diaphragm and intercostal muscles due to spinal cord injury increase the risk of respiratory failure. In our multiple trauma patients, hypotension was fairly prevalent and was a consequence of blood loss and/or spinal shock. In patients with spinal cord injury, an unopposed vagal tone may cause un expected cardiac arrhythmia or even reflex cardiac arrest.`) Intra-abdominal hemorrhage may be over looked because of the absence of typical physical findings in patients with spinal cord injuries. Routine minilaparotomy is recommended when spinal cord injury occurs during significant impact, such as occurs in motor vehicle accidents.") Proper care of the cer vical spine, including immobilization, in the initial stage of resuscitation is strongly urged.') Routine spinal x-rays in multiple trauma victims will reduce the number of missed injuries of the spine and spinal cord.') Ravichandran and Silver") found that damage to the spinal cord had been initially over looked in 15 of 353 (4%) patients. In our series, approximately one half of the patients with serious multiple trauma had a thoracic cord injury. Thus, in such patients a thorough search for chest or intra abdominal injury is especially important. In any of these situations, immediate treatment of hypotension or hypoxia is imperative in order to minimize their unfavourable effects on recovery of spinal cord func tion. Effective treatment of patients with spinal cord injury and other trauma requires well coordinated responses by emergency personnel and physicians, especially in primary care hospitals, where initial management usually occurs.
In summary, our findings indicate that patients with spinal cord or cauda equina injuries and other major injuries have more severe initial neurological deficits, a higher mortality rate, and less complete neurological recovery than those with spinal cord or cauda equina injury alone. A higher incidence of hypotension in multiple trauma patients may play a significant role in their poorer neurological outcome. In the care of patients with spinal cord and associ ated injuries, adequate initial resuscitation is man datory, not only for the patients' survival but in the interest of neurological recovery.
